The dietary need for supplementary vitamin K 3 (sodium menaphthone bisulphite) was determined in weanling male rats of two hysterectomyderived strains fed on Spillers Laboratory Small Animal Diet (autoclaved). The basal diet had 0.6 ppm of added vitamin K 3 to which further supplements of either 0, 4, 16 or 64 ppm vitamin K3 were added. There was a significant difference between strains in body-weight gain (P<O.OOl) but not in plasma prothrombin time. After 14 weeks the mean plasma prothrombin time of rats receiving the basal diet was higher (P<O.OI) than the mean of those receiving the supplemented diets; but the three supplemented diets did not differ significantly.
have produced evidence to show that male rats of the CFE strain from Carworth Europe develop symptoms of vitamin K deficiency when fed on Spillers Laboratory Small Animal Diet. This diet has 0.6 ppm of added vitamin K3 (sodium menaphthone bisulphite) and has an average crude composition of 9 per cent moisture, 5.1 per cent oil, 22 per cent protein (N X 6.25) and 2.7 per cent crude fibre. The authors suggested that the Carworth strain may possess a higher vitamin K requirement than some other strains, possibly associated with the particular intestinal flora developed following delivery by hysterectomy into a barrier-maintained environment. In addition they considered that their evidence was the first which showed that rats of limited microflora may not be able to obtain enough vitamin K from either a normal sulphonamide-free diet or their intestinal microflora.
This report describes an experiment in which Spillers Laboratory Small Animal Diet, with or without supplements of vitamin K 3, was fed to males . of the Carworth Europe CFE strain and to males of a hysterectomy-derived inbred albino strain produced at Middle Aston. D. L. FRAPE, J. WILKINSON AND L. G. CHUBB
MATERIALS AND METHODS
The rats were housed in a building adjacent to that in which our own, Middle Aston, strain was bred, but the Carworth rats were introduced from Carworth Europe, AIconbury at weaning. They were allocated at random from a uniform-weight group within each strain to four diets which were fed ad libitum. These were the ground, basal, drug-free, Spillers Laboratory Small Animal Diet (autoclaved), to which was added 0, 4, 16 and 64 ppm sodium menaphthone bisulphite. It is not known how much natural vitamin K is present in the basal diet in addition to the 0.6 ppm vitamin K 3' Under clean but non-isolated conditions the rats were caged in pairs on screen floors for 10 weeks. After that period they were caged individually on screen floors for a further 4 weeks, when the experiment was terminated.
The measurements used for assessing vitamin K statu~of the rats were prothrombin time of blood plasma and growth rate. Ten Carworth and ]2 Middle Aston rats were used to measure prothrombin time at weaning; similarly 3] Carworth and 13 Middle Aston rats were used at 10 weeks, and 34 Carworth and 13 Middle Aston rats were used for the final 14-week measurement. A sample of ].6 ml of blood was drawn from the posterior vena cava at the level of the right renal vein into a syringe containing 0.4 ml sodium citrate solution (32 mg/ml). During this procedure the rats were under general anaesthesia, using 10-60 mg of pentobarbitone sodium; the lesser quantity was used with weanling rats. The prothrombin time was measured by the method of Quick (1938) as modified by Montigel & Pulver (1952) , but the reaction mixture was agitated with a platinum loop which was flamed after each determination. A minimum of three determinations was carried out on each blood sample. The value for body-weight gain per rat per growth period, and the average prothrombin times per rat, were subjected to analysis of variance.
RESULTS
No deaths occurred amongst the rats of either strain and no haemorrhagic symptoms were seen during post-mortem examination at the close of the experiment.
There were no significant differences in body-weight gain amongst dietary treatments at 10 or ]4 weeks, although the Carworth strain gained significantly faster (P<O.OO]) during the 0-10 weeks and 0-]4 weeks periods. The difference between strains in initial prothrombin time was not significant (Carworth 13.] seconds, Middle Aston ]4.0 s, difference 0.9±0.9 s). The subsequent prothrombin times for the two strain means and for 10-and ]4week period means were very similar (Table I) . However, it is not valid to attribute the small differences between prothrombin times to a between-strain difference because of confounding factors associated with the time of estimation (the two strains were bled and their prothrombin times estimated on different days). At 10 weeks there were no significant differences in prothrombin time amongst the supplemented groups or between the responses to the basal diet and the mean of the responses to the supplemented diets (13.6 and 12.4, difference 1.2±0.8 s). At 14 weeks, although there were no significant differences amongst the supplemented groups, there was a significant difference between the response to the basal and response to the supplemented diets as a mean of both strains (14.73 and 12.27, difference 2.46± 0.84 s-P<O.OI).
DISCUSSION
It is concluded from these results that the basal diet, composed of natural ingredients and to which 0.6 ppm vitamin K3 had been added, was inadequate to satisfy the vitamin K requirement of the male growing rats of these strains. However, an additional 4 ppm of vitamin K 3 proved adequate for both strains. There was no indication fron:t the experiment that the large difference between strains in growth rate had any influence on the requirement. This is in agreemenL with the accepted view that adult rats are as susceptible to a deficiency as young growing rats (Johnson, Mameesh, Metta & Rama Rao, 1960) .
It is not possible to say, however, whether the significant effect on prothrombin time at fourteen weeks was due to single caging or the additional four weeks depletion, or to both effects. The single caging on screen floors 26 D. 1.. FRAPE, J. WILKINSON AND 1.. G. CHUBB would tend to limit coprophagy to a greater extent than paired caging on screen floors (unpublished observations), thus reducing an additional source of vitamin K. A detailed chemical analysis of Spillers Laboratory Small Animal Diet (autoclaved) may be obtained from Spratts Patent Ltd, Barking, Essex or from the authors.
As a result of the work reported in this paper it is proposed to increase the vitamin K 3 concentration in the diet after consultation with users.
